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ABSTRACT
More than 1300 variables classified provisionally as first overtone RR Lyrae pulsators in the macho
variable star database of the Large Magellanic Cloud (LMC) have been subjected to standard frequency
analysis. Based on the remnant power in the prewhitened spectra, we found 70% of the total population
to be monoperiodic. The remaining 30% (411 stars) are classified as one of 9 types according to their
frequency spectra. Several types of RR Lyrae pulsational behavior are clearly identified here for the
first time. Together with the earlier discovered double-mode (fundamental & first overtone) variables
this study increased the number of the known double-mode stars in the LMC to 181. During the total
6.5 yr time span of the data, 10% of the stars show strong period changes. The size, and in general
also the patterns of the period changes exclude simple evolutionary explanation. We also discovered two
additional types of multifrequency pulsators with low occurrence rates of 2% for each. In the first type
there remains one closely spaced component after prewhitening by the main pulsation frequency. In the
second type the number of remnant components is two, they are also closely spaced, and, in addition, they
are symmetric in their frequency spacing relative to the central component. This latter type of variables is
associated with their relatives among the fundamental pulsators, known as Blazhko variables. Their high
frequency (≈ 20%) among the fundamental mode variables versus the low occurrence rate of their first
overtone counterparts makes it more difficult to explain Blazhko phenomenon by any theory depending
mainly on the role of aspect angle or magnetic field. None of the current theoretical models are able to
explain the observed close frequency components without invoking nonradial pulsation components in
these stars.
Subject headings: globular clusters: general — stars: horizontal-branch — stars: oscillations — stars:
variables: other (RR Lyrae)
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2 FREQUENCY ANALYSIS OF THE RR LYRAE STARS IN THE LMC
1. INTRODUCTION
In this continuing series of papers dealing with the vari-
able star data of the macho project, we examine here
the temporal behavior of a large sample of first over-
tone RR Lyrae stars. Until very recently, short-periodic
RR Lyrae stars have been known to appear in two dif-
ferent flavors: (a) singly-periodic; (b) doubly-periodic (or
double-mode). In this latter case the two periods are asso-
ciated with the first two radial normal modes of the star.
Because of their dominant first overtone content, these
variables were hidden for a long period of time among
the monoperiodic first overtone stars. In 1977 AQ Leo
was discovered as the first double-mode RR Lyrae star
by Jerzykiewicz & Wenzel (1977). The first variable of
this type in a globular cluster was discovered by Goranskij
(1981). However, it was only in 1983 when the first system-
atic studies started in globular clusters (Cox, Hodson &
Clancy 1983), although there were suggestions that some
of the first overtone variables in the appropriate period
range with ’excessive scatter’ might be actually double-
mode stars (Sandage, Katem & Sandage 1981).
Less than a year ago Olech et al. (1999a, b, hereafter
O99a,b) found that some first overtone stars in the glob-
ular clusters M5 and M55 exhibit two frequencies, very
closely spaced. They argued that the high period ra-
tio strongly indicated the presence of nonradial modes in
those stars. In the course of another recent study of the
pulsation behavior of the RR Lyrae stars in the Galactic
bulge sample of the ogle project, Moskalik (2000, here-
after M00) also found several variables with closely spaced
frequencies. Furthermore, in a selectively chosen sample of
the macho RR Lyrae inventory, Kurtz et al. (2000) also
picked a few amplitude- and phase-modulated (Blazhko-
type) variables among the first overtone stars.
In the present paper we carry out a systematic study of
the frequency spectra of 1350 first overtone stars of the
macho project for the Large Magellanic Cloud. The re-
sults of the investigation of a shorter segment of the same
data set have already been briefly summarized by Kova´cs
et al. (2000). This is the first large-scale survey of the
finer details of the temporal behavior of the variable star
data of a microlensing survey. (We note however, that in
a recent paper, Udalski et al. 1999, without going into
the details, mention a similar massive analysis in a search
for double-mode Cepheids in the Small Magellanic Cloud.)
Due to the large size of the sample, this study also yields
valuable statistics in respect of the occurrence rate of the
various modal behaviors among first overtone stars. This,
together with other information on the fundamental mode
RR Lyrae stars, supplies crucial observational data for un-
derstanding RR Lyrae pulsation, and, in particular, the
Blazhko phenomenon.
Because of the various pulsation behaviors discovered
among RR Lyrae stars, we found it necessary to intro-
duce new notation for the already known classical types.
Throughout this paper we use RR0 for fundamental, RR1
for first overtone and RR01 for double-mode (fundamen-
tal & first overtone), instead of the traditional notation of
RRab, RRc and RRd. We will see that the new notation
can be more successfully adapted to label new types and
subtypes of variables.
2. THE DATA AND THE METHOD OF ANALYSIS
The analysis presented in this paper utilizes the data ob-
tained during the first 6.5 years of the macho project. The
primary selection of the sample was made through a cut
in the color-magnitude diagram from the fields observed
by the project (see http://wwwmacho.mcmaster.ca). The
magnitude and color ranges were confined in the 18.5 ≥
V ≥ 20.0 and 0.5 ≥ V − R ≥ 0.1 intervals. This set
was tested for variability by employing various statistics
of the magnitude distributions of the individual objects.
Next, the time series of the candidate variables were passed
through a period search algorithm. In the final step of the
primary selection the folded light curves were examined
to filter out eclipsing binaries and other variables different
from RR1 stars. Since the present sample contains vari-
ables only from 17 out of the 30 fields observed by the
project, the sample is not complete. From the number of
all variables (of any type) in the 30 fields and from the oc-
currence rate of RR1 variables in the 17 fields analyzed, we
estimate the completeness to be 52%. Details of the ma-
cho image and photometry data are provided in Alcock
et al. (1999).
Since our interest is focused only on the temporal be-
havior of the variables, in our primary survey we employ
only the instrumental ‘r’ magnitudes. However, when this
color leads to dubious results, we also examine the fre-
quency spectra corresponding to color ‘b’. Although the
present RR1 sample contains about 1350 variables, some
overlaps exist among the various fields both within this
set and also with some of the 73 RR01 stars discovered by
Alcock et al. (1997, hereafter A97).
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Fig. 1 – Distribution functions of the various time-series parame-
ters of the RR1 sample. Upper left: number of data points; upper
right: total time span (in [days]); lower left: signal to noise ratio
(see text); lower right: sampling time (in [days]). The inset shows
the fine details of the ∆T distribution under 10 days. The highest
peak of each distribution function is normalized to 1.
Further details on the data lengths, temporal distributions
and signal to noise (S/N) ratios are given in Figure 1. We
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see that the most probable number of data points per vari-
able is between 600 and 800 and is rarely less than 250,
whereas for a considerable number of stars it exceeds 1000.
The length of the total time span T peaks at 2370 d which
corresponds to the above mentioned 6.5 yr duration. Be-
cause of observational schedule, some of the variables cover
a shorter time span, but very few of them extend for less
than 6 yr. In the lower right corner we plot the distri-
bution of the sampling time ∆T = ti+1 − ti. Because the
LMC is circumpolar at Mount Stromlo, the data window is
free from any long-term periodicity. The most significant
problem comes from the daily sampling, but even this alias
is tamed by the slight irregularity in the sampling rate as
is exhibited by the small peaks between zero and 2 d in the
distribution function. All these result in spectral windows
which can be, in general, easily tackled as we will see in
the subsequent sections.
To characterize the noise properties of the light curves
we define the signal to noise ratio A/σ as the ratio of A,
the amplitude of the first component of a 3rd order single-
period Fourier fit, to σ, the standard deviation of the resid-
uals of this fit. In the distribution function of A/σ, in the
lower left corner of Figure 1, we see that the size of the
noise is comparable to the main signal amplitude. Since
only some 30% of the total RR1 sample is multiperiodic
(see later), the observed low S/N ratio is indeed due to
the high noise, and not to the excess scatter attributed
to secondary signal components. In some cases the light
curves have substantial higher harmonic components, and,
therefore, the total amplitudes might be twice of that of
the first Fourier component, which results in a better S/N
ratio.
Fig. 2 – Efficiency of searching for secondary signal component
through Fourier frequency analysis of the prewhitened data (upper
panel) and through the residual scatter of the single-period fits (lower
panel). Gray dots show the monoperiodic, black dots show the mul-
tiperiodic variables. Stars are listed by some registration index.
At such a low S/N ratio, when searching for secondary
signal components, it is crucial to perform a frequency
analysis combined with a prewhitening technique. During
the prewhitening cycles we successively subtract the corre-
sponding highest amplitude signal component and its first
two harmonics from the time series. The fact that exami-
nation of the residual scatter in a single-period fit is not a
decisive test for detecting secondary signal components in
the low S/N case, is demonstrated in Figure 2. By using
the observed data, in the lower panel we plot the relative
residual scatter for the signal before the first prewhiten-
ing. Here σ0/A0 is the reciprocal of the same quantity
plotted in Figure 1 (we use the zero subscript only to em-
phasize that the quantities refer to the data before the
prewhitening cycles). We see that the multiperiodic stars
are intermingled with the monoperiodic ones and only a
few of them stand out relatively well from the rest of the
sample.
For characterizing the S/N ratio of the prewhitened
spectra, the following quantity is introduced
S1 =
Ap − 〈A(ν)〉
σA(ν)
. (1)
Here Ap is the peak value in the amplitude spectrum,
〈A(ν)〉 is the frequency-averaged value of the spectrum,
σA(ν) is the standard deviation of the amplitude spectrum
in the given band width. The plotted values are obtained
by considering the [0.5,5.5] d−1 frequency band. We see
that most of the detections are rather safe, with confidence
limits better than 6σ. It is clear that in future automatic
search for multiperiodic variables statistics S1 could be
very helpful.
The frequency analysis is carried out by employing a
standard Discrete Fourier Transformation (DFT) for un-
equally spaced data (see e.g., Deeming 1975). The input
time-series of the DFT is obtained by subtracting the aver-
age from the original data set and omitting 4% of the data
points which have the largest deviations from the average.
We take the [0.5,5.5] d−1 frequency band for the primary
survey and the [0.0,6.0] d−1 band for the detailed analysis
of the multiperiodic cases. All spectra in the above bands
are calculated with 60000 and 80000 frequency steps, re-
spectively. To avoid plotting unimportant features and
unnecessarily large arrays, we employ economic plotting,
which means that the plotted values correspond to the
maximum amplitudes in the bins of the chosen bin reso-
lution of the total frequency band. The number of bins
in our case is 2000. In each prewhitening cycle the loca-
tion of the highest peak in the given band width is used
to calculate a more accurate estimation of its frequency.
This is done by a least-squares technique, by searching for
the minimum dispersion around a 3rd order single-period
Fourier-sum. Up to three prewhitening cycles are per-
formed in the multiperiodic cases. All spectra and folded
light curves are visually inspected and then classified ac-
cording to the prewhitened spectra. As we see from the
statistics of S1 in Figure 2, in principle one could pick
up most of the multiperiodic variables on the basis of the
≈ 6σ criterion. However, at this stage of the analysis of
a still ‘reasonably’ low number of variables, the ‘manual’
search is preferred in order to ensure that no interesting
cases are missed because of slightly marginal detectability.
Finally, in the class of variables showing period change,
we employ a very simple time-dependent Fourier analysis,
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which consists of a series of single-period Fourier fits to
the adjacent parts of the time series.
3. RR01-TYPE STARS: VARIABLES WITH THE
FUNDAMENTAL & FIRST OVERTONE MODES
This class of variables is the simplest to detect in the
present data set. The standard prewhitening method
Fig. 3 – Example of the detection of a double-mode (RR01) vari-
able. The upper panel shows the spectral window. Inset displays the
fine structure around the main peak. Label shows the macho identi-
fier, number of data points (N), length of the total time span (T in
[days]) and frequency resolution (T∆ν) of this and all the following
wide frequency band spectra. Subsequent panels show the amplitude
spectrum of the original data and the results of the corresponding
prewhitening cycles (see Sect. 2 for details). Insets show the fine
structure of the spectra centered around the main peak of the spec-
trum of the original data. Labels show the prewhitening order, the
frequency and the amplitude (in [d−1] and in macho ‘r’ magnitude,
respectively) of the main peak of the corresponding prewhitened
spectra. The wide frequency band spectra are normalized relative
to the highest peak in the spectrum of the original data. The spec-
tra shown in the insets are normalized separately to the highest peaks
in the narrow frequency band of the corresponding spectra. As it is
described in the text, economic plotting is employed in all cases.
based on the maximum peak subtraction almost always
works, although we use a wide frequency band and do not
restrict the search to some ‘proper’ period ratio regime.
This latter condition is applied only in one or two cases
from the 156 successful searches. (We note, however, that
48 stars from this set are either doubly identified or have
already been discovered by A97, using a reduced and dif-
ferent data set.) In many cases the lowest order combina-
tion frequencies f1− f0 and f1+ f0 are also identified (the
harmonics are automatically subtracted by our 3rd order
monoperiodic fits). Figure 3 illustrates the case when these
combination frequencies are easily visible. We draw atten-
tion to the following important features: (a) the spectral
window contains only the integer d−1 aliases, and is free
from any long-term alias problems (this property is true
for almost all time series); the 1 d−1 aliases are sufficiently
small and in most cases do not hamper the identification
of the maximum peak in the spectra; (b) the combina-
tion frequencies are very well reproduced from f0 and f1,
which is a strong indication of the physical nature of the
frequencies found. The basic parameters of the previously
unknown RR01 variables are given in Table 11. (The am-
plitudes A1 and A0 refer to the first overtone and fun-
damental modes, respectively, and are obtained through
monoperiodic Fourier fits during the prewhitening proce-
dure. The coordinates refer to the year 2000.) Together
with the already published variables by A97, there are 181
RR01 stars known in the LMC. This number of variables
is about three times of the total number of RR01 stars
presently known in globular clusters, galaxies and in the
Galactic field.
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Fig. 4 – The distribution of the fundamental to first overtone am-
plitude ratios for all the 181 RR01 stars in the LMC.
When plotted either on the period–amplitude or on the
period–apparent magnitude diagrams, LMC RR01 stars
do not seem to be distinguishable from the single-mode
RR1 stars. They occupy a relatively narrow period range
of 0.33 d < P1 < 0.41 d (there is only one star with
P1 = 0.43 d).
As it is shown in Figure 4, the ratio of the amplitudes of
the two modes shows a wide range, but the fundamental
mode amplitude A0 rarely exceeds that of the first over-
1Tables 1 – 6 are presented after the references
Alcock, C. & the macho collaboration 5
tone. Apparently there is a lower cut in the A0/A1 ratio
at 0.2, because we do not observe lower ratio than this,
although our detection limit is below this value (see the
tests for the Blazhko variables in Sect. 5).
Fig. 5 – Position of the LMC RR01 stars in the P0 → P1/P0 dia-
gram. For comparison, we also show by gray-colored background the
area occupied by models selected in the parameter regime shown in
the header. The models of Kova´cs & Walker (1999) are used with
the opal’96 opacities. The Hydrogen abundance X is fixed at 0.76
and the adopted value of the solar metallicity Z⊙ is 0.02. Mass and
luminosity are given in solar units.
It is well known that the P0 → P1/P0 diagram (Petersen
1973) carries important information about the metal con-
tent and mass of the RR01 stars (Kova´cs, Buchler &
Marom 1991). In Figure 5 we plot this diagram for all
known LMC RR01 stars, together with the region of the
models occupied at some fixed metallicity and mass. It
is seen that the constant mass and metallicity assump-
tion is not applicable to the whole RR01 population of the
LMC. Assuming that either the mass or the metal content
is the sole agent for the observed topology, we get rough
estimates of ±0.15M⊙ and ±0.3 dex, respectively, neces-
sary to cover the total ranges of periods and period ratios.
There is also a dependence on L and Teff which influences
the applicable average values of mass and [M/H] (in the
case displayed we use the so-called ‘brighter’ luminosity
scale – see Kova´cs & Walker 1999). It is obvious that
the proper treatment of this problem requires additional
information, most importantly accurate abundance values
of the LMC RR01 variables. For further discussion of this
problem we refer to A97, Popielski & Dziembowski (2000)
and Clementini et al. (2000).
4. RR1−ν1-TYPE STARS: VARIABLES WITH 2 CLOSELY
SPACED FREQUENCIES
These variables represent a special type of double-
frequency pulsation. The frequency ratios are always
larger than 0.95 and could be as large as 0.999. In Figure 6
we show an example for the patterns obtained in the case
of medium frequency separation. It is clear that in the
frequency band analyzed, there are no other components
except for the 2 closely spaced ones we identified. (As it
is seen in the third panel, the nearly equidistant triplet
structure of the low-frequency aliases is due to the power
leakage from negative frequencies.) Other solutions, such
Fig. 6 – Detection of an RR1−ν1 variable (RR1 star with 2 closely
spaced frequencies). Notation is the same as in Figure 3.
as the RR01 frequency pattern are not possible, both be-
cause of the fairly clear alias patterns obtained during the
calculation of the present solution, and also because on
physical grounds (i.e., we would have obtained ‘bad’ pe-
riod ratios with the RR01 assumption). Unlike in the case
of Galactic bulge RR0−ν1 variables analyzed by M00, we
do not find traces of the combination frequencies ν1 − ν0
and ν1 + ν0. There is only one variable with frequency
separation smaller than 0.01 d−1 (see Figure 7). The sta-
tus of this star is slightly ambiguous, because the ‘b’ data
suggest the presence of a symmetric frequency pattern (see
next section), although the feature is sufficiently hidden in
the noise, similarly to the case of the ‘r’ data shown in the
figure.
The main properties (frequency ν0 and amplitude A0 of
the main – i.e., higher amplitude – component, frequency
separation ν1 − ν0, and the ratio A1/A0 of the secondary
and main amplitudes) of the 24 RR1−ν1-type variables
are listed in Table 2. Most of these stars have frequency
separations between 0.01 and 0.1 d−1 and only a few of
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them exceed these limits. 63% of the variables have neg-
ative frequency differences (i.e., the secondary, lower am-
plitude component has smaller frequency than the main
component). In the case of positive frequency differences
the secondary amplitudes are almost always quite compa-
rable with those of the main components. It is also seen
that the period regime in which RR1−ν1-type pulsation
occurs, is fairly wide.
Fig. 7 – RR1−ν1 variable with small frequency separation. For
notation, see Figure 3.
For a closer inspection of the overall properties of the
RR1−ν1 spectra, in Figures 8 and 9 we show a represen-
tative sample of this type of variables. In many cases the
secondary components are very easily visible even with-
out prewhitening. In some prewhitened spectra of suffi-
ciently low noise level, one may suspect the presence of
additional low-amplitude components. Specially interest-
ing are those in which the suspected component forms a
symmetric triplet with the main and secondary compo-
nents. As an example, we recall the case of 82.8766.1305
(see note to Table 2), where the ‘b’ data support the exis-
tence of such a symmetric frequency pattern. On the other
hand, a closer examination of the suspected third compo-
nent for 2.5266.3864 reveals that it is asymmetric and be-
comes very small after the second prewhitening, whereas
for 80.6352.1495 the very marginal possible third compo-
nent indicated in Figure 9 completely disappears. These
conclusions are also supported by the analysis of the ‘b’
data. We return to the problem of hidden symmetric fre-
quency patterns in the next section during the discussion
of the Blazhko variables.
Fig. 8 – Amplitude spectra of a sample of RR1−ν1 stars without
prewhitening. Each spectrum is normalized to the same level by the
corresponding highest peak.
As we have already mentioned in Sect. 1, parallel with
the present study, RR1−ν1-type variables have also been
discovered in other stellar systems. There are 3 RR1−ν1-
type stars in the globular cluster M55, 1 in M5 (O99a,b)
and 2 in the ogle-sample of 66 RR1 stars of the Galactic
bulge (M00). It is worthwhile to mention that for four
of these variables the frequency difference is negative in
agreement with most of the values in our sample. In ad-
dition to the two RR1−ν1-type stars, M00 found similar
type of stars in the RR0 population. From the 149 stars he
identified 11 variables with two closely spaced frequencies.
It is interesting to note that 9 of these stars have frequency
spacings with opposite sign to that of the majority of the
RR1−ν1 stars. The authors of both of these papers argue
strongly that these discoveries are the first observational
proofs for the existence of nonradial modes in RR Lyrae
stars. Indeed, it is difficult to escape this conclusion, espe-
cially in the light of the recent theoretical works indicat-
ing the excitation of nonradial modes in RR Lyrae stars
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(Van Hoolst, Dziembowski & Kawaler 1998; Dziembowski
& Cassisi 1999).
Fig. 9 – Amplitude spectra of a sample of RR1−ν1 stars for the
data after the first prewhitening. Each spectrum is normalized to
the same level by the corresponding highest peak.
5. RR1−BL-TYPE STARS: VARIABLES WITH 3
SYMMETRICALLY SPACED CLOSE FREQUENCY
COMPONENTS
Fourier analyses of Galactic field RR0 stars with
Blazhko effect (Borkowski 1980; Smith et al. 1994, 1999;
Kova´cs 1995; Nagy 1998; Szeidl & Kolla´th 2000) revealed
a very simple frequency pattern for these stars. The spec-
tra constitute a sequence of equidistant triplets, centered
around the fundamental mode frequency and its harmon-
ics. This structure can be observed up to the 5th – 7th har-
monics. The frequency spacing corresponds to the modu-
lation (Blazhko) period. The amplitudes of the modula-
tion components around the harmonics are 10–30% of the
corresponding harmonics and are, in general, not symmet-
ric. Their contributions add up in the directly observable
amplitude and phase changes and result in considerable
amplitude variations of 30–50% (Szeidl 1988).
Before the present analysis (see also Kurtz et al. 2000)
it was unclear whether Blazhko-type modulation was also
present in RR1 stars. Interestingly, we find that this be-
havior does also occur in RR1 stars; however, its incidence
is much lower than among RR0 stars. We discovered alto-
gether 28 variables showing Blazhko-type frequency pat-
terns. The details of the prewhitening procedure for such
a variable are shown in Figure 10. Again, here we draw
the attention to the flat spectrum after prewhitening by
all three peaks. Equal frequency spacing is also well dis-
played. Although most of the variables have modulation
frequencies similar to the example shown, 7 variables have
rather small ones, corresponding to modulation periods
longer than 600 d . In Figure 11 we show an example for
such a variable. It is seen that despite the very small sep-
aration, the components are still clearly resolved due to
the long baseline of the data.
Fig. 10 – Detection of a first overtone Blazhko variable (RR1 star
with 3 symmetrically spaced close frequencies). Notation is the same
as in Figure 3.
The results of the analysis for the RR1−BL-type variables
are summarized in Table 3. The quantities correspond-
ing to the highest peak in the frequency spectrum before
prewhitening are labeled with zero subscripts. The + and
− signs denote components which have, respectively, larger
and smaller frequencies than the main component (i.e.,
∆f± = ν± − ν0). We see that except for 11.9355.1380,
in all cases the main component is also the center of the
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triplet. The lowest and highest detected modulation levels
are 12% and 82%, respectively.
Fig. 11 – Blazhko variable with very small frequency separation.
For notation, see Figure 3.
For an overview of the patterns of the RR1−BL-type fre-
quency spectra, in Figures 12 and 13 we display the spec-
tra of the data before and after the first prewhitening. In
some cases we see remnants precisely at the ν0 compo-
nent. These are either due to long-period modulations not
resolved on the present plotting scale, or to period changes
of the main components. Furthermore, in other cases, the
presence of additional close component(s) can also be sus-
pected (e.g., 82.8765.1250).
In the following we address two questions which are
important for the physical models of the Blazhko phe-
nomenon: (a) What is the statistical significance of the
slight deviations from equidistant frequency spacing? (b)
How small is the lowest observable level of modulation in
the present data set?
Problem (a) is tested in the following way. For each
variable to be tested for the significance of the equidistant
frequency spacing, we generate a synthetic signal by using
the average of the observed frequency distances and the
corresponding Fourier decomposition obtained from fitting
this equidistant frequency triplet to the data. Then Gaus-
sian noise is added to this signal with the standard devia-
tion of the residuals of the Fourier fit of the original data
mentioned above. After analyzing many realizations of the
so-obtained time series, we check the statistical properties
of the calculated frequency distances. The deviation from
Fig. 12 – Amplitude spectra of a sample of Blazhko stars without
prewhitening. Each spectrum is normalized to the same level by the
corresponding highest peak.
the equidistant pattern is measured by the absolute value
of the difference between the two spacings, i.e.,
δf = |∆f+ +∆f−| . (2)
In Figure 14 we show the empirical probability distribu-
tion of δf for one of the variables in Table 3. We see that
the observed deviation is well within the probability limit
expected from the effect of observational noise. The same
conclusion is drawn from the tests performed with other
variables.
Turning to problem (b), we see from Table 3 that the
modulation level A±/A(ν0) for most of the RR1−BL vari-
ables is larger than 20%. We have only one variable for
which both components are under this limit. The question
of lowest modulation level is important from the point of
view of the relation between the Blazhko RR0 and RR1
stars, because the possibility of the existence of RR1 stars
with low-level modulation would increase the number of
Blazhko RR1 stars, thereby decreasing the gap between
the occurrence rates of the two classes of Blazhko vari-
ables.
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Fig. 13 – Amplitude spectra of a sample of Blazhko stars for the
data after the first prewhitening. Each spectrum is normalized to
the same level by the corresponding highest peak.
To clarify this question, the following tests are performed.
First, we select high S/N ratio stars from the monoperi-
odic RR1 variables. Stars which satisfy the (0.16A(ν0) −
〈A(ν)〉)/σA(ν) > 5.0 criterion are chosen for the test. Here
A(ν0) denotes the amplitude of the observed main com-
ponent, other symbols have the same meaning as in Eq.
(1). This condition is in line with the detection proper-
ties of the secondary components discussed in Sect. 2 and
implies a modest or good chance to find any secondary
components with amplitudes greater than 16% of the cor-
responding main components. We note that the number of
stars selected with this method is a very sensitive function
of the required discrimination/detection limits. For exam-
ple, with the above criterion we get 216 variables, whereas
with a 15% limit we get only 140.
In the next step each time series is prewhitened by
the main component. Then, two symmetric components
are added to the residuals with A±/A(ν0) = 0.10 or,
in another test, with A±/A(ν0) = 0.15. In both cases
|∆f+| = |∆f−| = 0.04 and the phases are arbitrary but
equal. The resulting time series is analyzed through three
sequential prewhitenings in the [ν0 − 0.12, ν0 + 0.12] d
−1
band, and searched for significant peaks (both visually and
automatically, by finding the most symmetric triplets from
the four frequencies with the highest amplitudes).
Fig. 14 – Empirical probability distribution function of the devia-
tion from equidistant frequency pattern due to observational noise.
The observed deviation is given in the top right region of the figure
under the variable identification code.
By allowing a maximum frequency asymmetry of δf =
0.001 d−1, in the A±/A(ν0) = 0.15 test we find 155 cases
where the two symmetric peaks can be identified. In the
case of weaker secondary components (A±/A(ν0) = 0.10),
we still have 49 successful identifications based on the exis-
tence of symmetric triplet structures among the four high-
est peaks obtained during the prewhitening sequences. A
‘conservative’ visual examination of the spectra after the
first prewhitening leads to a similar conclusion. In the test
of 10% modulation level we find 49 cases where only one
significant component is seen (6 of them do not appear at
the test frequency). In 22 additional cases we see clear
equidistant triplet structures. It is evident that if we as-
sume a 20% occurrence rate of these Blazhko stars with
low-level modulation, in this limited sample of 216 stars
alone we should have seen more than 0.2× (49 + 22) = 14
of them either as RR1−ν1 or RR1−BL variables.
In Figure 15 we display some of the spectra to visualize
the significance of the detection of the side components
in the test case of the 15% modulation level. From the
30 cases shown, there are only two in which none of the
components are readily visible.
Considering only the test results of the automatic search
for triplet structures, let us assume that the incidence
of the RR1−BL stars with these low-amplitude modula-
tions follows the rate of ≈ 20% found for the RR0 stars.
Then, with the minimum amplitude modulation of 10%,
the conservative estimate is that we expect at least some
49 × 0.2 ≈ 10 additional RR1−BL stars in the original
data set. (With the 15% minimum modulation level this
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number would increase to 31.) To test if we have missed
some faint close components during the basic screening of
Fig. 15 – Amplitude spectra of a sample of the test signals after
the first prewhitening. The artificial side components correspond
to 15% modulation level. Each spectrum is normalized to the same
level by the corresponding highest peak.
the data, we repeat the above analysis on the original data,
without the injection of the faint secondary artificial sig-
nal components. A visual inspection of the spectra of the
216 stars confirms our first conclusion, namely, these stars
are indeed monoperiodic variables. In Figure 16 we show
the 12 best cases, where a search for symmetric triplet
structure among the highest peaks indicates the presence
of such hidden triplets. Comparing with the examples of
the 15% test signal case, we see that even these ‘best’ cases
are of very low statistical significance. From these tests we
conclude that if RR1−BL stars with low modulation levels
of 10–15% exist at a rate more than 10%, we should have
found such stars in a significant number. It seems rather
probable that the incidence of the Blazhko stars among
the LMC RR1 stars cannot be larger than a few percent.
Fig. 16 – Amplitude spectra of a sample of monoperiodic variables
after the first prewhitening. For these variables a numerical search
for hidden symmetric frequency triplets led to positive results. Each
spectrum is normalized to the same level by the corresponding high-
est peak.
6. RR1−PC-TYPE STARS: VARIABLES WITH PERIOD
CHANGES
In the course of the basic scan of the variables, we found
a considerable number of stars whose prewhitened fre-
quency spectra contained significant remnant power very
close to the main component. Due to the proximity and
unresolved nature of these remnants, we attribute their
existence to long-term period and/or amplitude changes.
Quite often the phenomenon can also be recognized by the
broadening of the line profiles in the frequency spectra.
Because of the non-discrete nature of the frequency spec-
tra, the standard prewhitening procedure does not work in
these cases. In Figure 17 we show an example of the fail-
ure of successive prewhitenings. Spectral line broadening
is also well observable in the present case.
For a closer examination of the nature of the long-term
variation, we perform the following simple time-dependent
Fourier analysis. A sequence of single-component Fourier
fits is calculated on overlapping segments of the time series
by shifting the base of the fit by one item of data in each
step. The length of the base of the fits is chosen to en-
sure reasonable stability in the calculated time-dependent
amplitudes and phases when the base-length is increased.
In most cases we reach this situation by choosing 50–100
data points per segments. We also test two simple mathe-
matical models of the long-term modulation. The first one
consists of a linear period change of the main component
P (t) = 〈P 〉+ β(t− t0) , (3)
where 〈P 〉 is a properly chosen average period, t0 is an
arbitrary epoch and β is the rate of period change. We
expect this model to work well when the phase variation
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derived above is closest to a second order polynomial. The
second model assumes a pure exponential modulation in
the following form
A(t) = 〈A〉eη(t−t0) , (4)
where 〈A〉 is some average amplitude.
Fig. 17 – Detection of an RR1−PC variable (RR1 star with un-
resolved components at the main frequency). For notation, see Fig-
ure 3.
After performing these tests on the 141 RR1−PC vari-
ables, we find that none of them can be modeled by the
assumption of pure exponential amplitude change. On
the other hand, the model of linear period change works
better in a significant number of cases. However, the
time-dependent Fourier analysis reveals that for most of
the RR1−PC variables these simple models are unable
to give a full account of the observed remnant power in
the frequency spectra. In Figure 18 we show representa-
tive cases for the almost pure linear period change and
for the more general situation when this simple descrip-
tion is not applicable. It is important to remark that the
present simplified time-dependent analysis can be regarded
as very preliminary, because the high noise level and the
strong period change would require the application of a
more sophisticated method. For instance, tiny amplitude
changes (if they exist), are certainly not detected with this
method due to the large errors of the calculated amplitudes
from the short data segments in the presence of such a
high noise. However, the observed phase changes seem to
have much higher significance because of the considerable
range of phase variations associated with them. In addi-
tion, a comparison with a similar analysis performed on
some RR1 variables reveals that indeed, they show irreg-
ular/noisy phase variations several times smaller. At the
same time, their temporal amplitudes behave very simi-
larly to those of the RR1−PC stars.
Fig. 18 – Results of the various tests performed on two RR1−PC-
type variables. Uppermost row: prewhitened spectra calculated
in the regime of the main component with the assumptions of
P = const. (W), linear period change (Eq. (3), P) and exponen-
tial amplitude change (Eq. (4), A). All spectra are normalized by
the highest peak of the W spectrum. Insets: corresponding folded
light curves. Headers: star code, main frequency [d−1], σ [‘r’ mag]
of the folded light curve, β6 = β × 106 [dd−1], η3 = η × 103 [d−1],
the sigmas refer to the folded light curves obtained by the corre-
sponding assumptions. Next row: time-dependent amplitude, phase
and folded light curve corrected by the plotted phase variation. The
horizontal axes in the first two figures represent the total time span.
Headers: the total amplitude and phase ranges shown, σ of the folded
light curve. Subsequent rows: as above, but for a different variable.
We draw the attention to the fact already mentioned,
namely that a simple exponential amplitude variation can-
not explain the remnant power in the spectrum. Fur-
thermore, the light curves corrected for the phase varia-
tion show considerably lower scatter. For these reasons
we refer to the above class of variables as PC (period
changing) stars, since most, if not all their extra power
around their main frequency components originates from
phase/frequency change, although some contribution from
amplitude change cannot be excluded.
If we consider the signs and sizes of the derived period
change rates, we see that: (a) there are both positive and
negative values; (b) in absolute values they are about two
orders of magnitude larger than the ones expected from
standard stellar evolution theory (e.g., Lee 1991). This
type of discrepancy (although perhaps at a lower degree)
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exists for most of the observed period changes in RR Lyrae
stars. The explanation of this fact poses a serious challenge
for stellar pulsation theory. Because the individual pe-
riod changes are well-demonstrated and rather accurately
measured, we think that it is incorrect to treat large pe-
riod changes as errors and use only their averages over the
variables studied (e.g., Lee 1991; Lee & Carney 1999; see
however Rathbun & Smith 1997).
We list the RR1−PC variables found during this sur-
vey in Table 4. We caution that in some cases three
prewhitenings with the main and two very close side com-
ponents yield flat flat frequency spectra (e.g., 3.6240.470;
6.6568.484; 11.9235.1034). This suggest that these stars
might turn out to be RR1−BL variables with very long
modulation periods when future observations on a longer
time base will be available.
7. MISCELLANEOUS VARIABLES
Either because of their rare occurrence or because of the
specific frequency values of their secondary components,
it is difficult to classify these stars with high confidence.
Nevertheless, future studies might shed light both on the
nature of these stars and on the possible relations between
them and the more securely classified variables.
Fig. 19 – A suspected double-mode variable pulsating in the first
and second overtones. For notation, see Figure 3.
There are 20 stars whose prewhitened frequency spectra
contain residuals at integer d−1 components. Hereafter
we call these variables of RR1−D1-type. Usually, the am-
plitudes of these curious components are not too large,
exceeding 50% of the main components only in two vari-
ables. For half of them this quantity is under 30%. In
general, the secondary components show up at 1.00027 d−1
but sometimes the ±1 d−1 aliases are stronger. As a re-
sult, it is possible that in some cases a long-term effect is
responsible for the observed frequency pattern. We find
many cases when the ‘b’ data do not justify the RR1−D1
classification. For these variables we retain their RR1 sta-
tus. Most probably, the RR1−D1 variables are affected
by some spurious observational or data reduction flaws, to
be clarified in the future.
In three more interesting cases the frequency ratios of
the secondary and main components closely resemble those
of the first and second overtone modes of RR Lyrae mod-
els. Therefore, these preliminarily classified double-mode
variables are referred to as RR12-type. One of them is
shown in Figure 19. Further studies of these variables
would be important for the verification of their double-
mode behavior and their relations to the single-mode sec-
ond overtone suspects (Alcock et al. 1996).
Fig. 20 – An example of the few RR1−ν2-type variable found in
the RR1 sample. For notation, see Figure 3.
In the frequency spectra of three variables we find two
significant peaks close to the main component. How-
ever, unlike in the case of Blazhko stars, these peaks
are not spaced equidistantly. We refer to these stars as
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RR1−ν2-type variables. Figure 20 displays the interesting
case of 15.9947.338, where the two additional components
are located close to each other, but further away from
the main component. Another star, 2.5023.5787 shows
three peaks of equal heights and asymmetric frequency
spacing (δf = 0.0030 d−1). Because of the proximity
of their frequency components, one may wonder whether
the RR1−ν1, RR1−ν2- and Blazhko-type phenomena are
physically related. At this moment it is not possible to
deal with this question. Further detailed observational
and theoretical works are needed.
Fig. 21 – An example of the few RR1−νM -type variable found in
the RR1 sample. For notation, see Figure 3.
In five cases there are hints that the prewhitened spec-
tra consist of several well-resolved peaks located close to
the main component. Figure 21 displays the frequency
spectra of one such variable. Following the nomenclature
of the other variables with close components, we refer to
these stars as RR1−νM -type variables. It is tempting to
identify these objects with multimode variables whose sec-
ondary frequency components correspond to some of the
most strongly excited nonradial modes belonging to the
same harmonic degree l (for recent theoretical models see
Dziembowski, & Cassisi 1999). However, it is better to
wait with this conclusion until more elaborated observa-
tional tests become available.
We also mention the relatively small group of variables
whose classification is hampered by the complexity of their
spectra. This complexity is either due to the appearance
of peaks without any hints of their origin, or to the high
noise/low data number. These non-classified (RR1−NC)
variables are listed together with Figure e above mentioned
miscellaneous objects in Table 5. For further reference, in
Table 6 we give the frequencies and amplitude ratios of the
RR12 and RR1−ν2 stars. The symbols νi refer to the fre-
quencies obtained at the various stages of the prewhitening
sequences, and not to the normal modes, within the system
of standard notation for these modes.
It is important to recall that in some cases, in other
types of variables described in the previous sections, we
also encountered some peculiarities. First of all, because
of the finite noise level and of the color dependence of
the observed amplitudes, the ‘r’ and ‘b’ data sometimes
yield inconsistent results. These situations occur usually
when the secondary component is close to the noise level.
In these cases classification is based on the ’cleanest’ fre-
quency spectrum. For RR1−D1-type variables this prac-
tice is partially overruled by the fact that the secondary
component is most probably an artifact, therefore, prefer-
ence is given to the monoperiodic RR1 classification if it is
supported by one of the colors. As another example for the
possible ambiguity, we recall the case of some RR1−PC
variables mentioned in Sect. 6. In the case of these stars
the length of the available data is still too short to en-
able us to make a clear distinction between period change
and the more than ≈ 2000 d modulation period if the vari-
able is of Blazhko-type, as it is suggested by the successive
prewhitenings.
8. CONCLUSIONS
A massive frequency analysis has been carried out on a
large sample of the first overtone RR Lyrae (RR1) popu-
lation of the macho variable star base of the Large Mag-
ellanic Cloud. The study was aimed primarily at find-
ing multiperiodic and non-stationary variables among RR1
stars. Special effort was made to search for amplitude- and
phase-modulated (Blazhko) variables. Occurrence of this
phenomenon among RR1 stars was not known previously.
Because widely acceptable theoretical interpretation of the
Blazhko effect is still missing, it is important to accumu-
late more observational data in order to constrain further
the possible models. Because of the high occurrence rate
of the Blazhko effect among fundamental mode RR Lyrae
stars and the lack of theoretical understanding of this phe-
nomenon, known for almost a century, further study of
these stars has a general significance.
The basic technique of analysis we applied was the stan-
dard Fourier frequency analysis with the important se-
quential steps of prewhitening. All 1350 variables passed
through a basic analysis which resulted in the selection
of more than 400 multimode candidates for further stud-
ies. In Table 7 we summarize the statistics of the various
types of variables we identified in the sample. This ta-
ble does not contain the more than 30 doubly identified
variables which were among the 1350 stars in the basic
analysis of the data set. However, to make the statis-
tics more complete, we added the 73 double-mode (RR01)
variables of Alcock et al. (1997) to the newly discovered
108 stars of this study. As we have already warned in the
paper, the classification of some of the variables may not
be definitive. Although this results in some ambiguity in
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Table 7
Variable types in the macho database for the first overtone RR Lyrae stars in the LMC
Type Short description Number % σ(%)
RR1 Single-mode 916 69.0 1.3
RR1−ν1 1 close component 24 1.8 0.4
RR1−ν2 2 asymmetric close components 3 0.2 0.1
RR1−νM Multifrequency close components 5 0.4 0.2
RR1−BL 2 symmetric close components 28 2.1 0.4
RR1−PC Period change 141 10.6 0.9
RR01 1st & 0th overtone double-mode 181 13.6 0.9
RR12 2nd & 1st overtone double-mode 3 0.2 0.1
RR1−D1 Integer d−1 frequencies 20 1.5 0.3
RR1−NC Non-classified 6 0.5 0.2
Note.—The symbol σ(%) denotes the standard deviation of the population ratio, assuming Poisson distribution in the
different populations.
the derived statistics, it does not change our basic conclu-
sions. Furthermore, because of the finite noise level, there
is a limit for the lowest detectable secondary signal com-
ponents. Considering specifically the Blazhko-type stars,
from the statistical tests presented in Sect. 5, we estimate
this limit to be 10–15% in the units of the main signal
component (10% being the level of marginal, whereas 15%
is the level of close to secure detectability).
The 108 newly discovered RR01 stars follow the pat-
tern on the P0 → P1/P0 diagram of the already known 73
double-mode variables (Alcock et al. 1997). This pattern
implies metallicity and/or mass spread among the RR01
population of the LMC. Direct metallicity measurements
through the ∆S method by Clementini et al. (2000) sug-
gest the existence of sufficient [Fe/H] spread. The prelim-
inary theoretical work of Popielski & Dziembowski (2000)
comes to a similar conclusion. Accurate photometry and
metallicity measurements of these stars would be very
valuable also for constraining further the LMC distance
scale (Kova´cs & Walker 1999).
We found three variables suspected for double-mode pul-
sations in the first and second overtones. Further study of
these stars with additional photometry would be necessary
to confirm their suggested pulsational status.
A considerable fraction of the RR1 population shows
period change. Although some of them can be approxi-
mated by linear period changes, their high values exclude
any evolution-related explanation. Understanding period
changes in these and in other RR Lyrae stars remains an
important unsolved problem in stellar pulsation theory.
We regard the most exciting finding of this study the
discovery of the variables with closely spaced frequencies
(for preliminary works on these and some fundamental
mode Blazhko stars we refer to Kova´cs et al. 2000 and
Kurtz et al. 2000). About half of these stars show only
two components, similarly to the recent discoveries of the
same type of stars by Olech et al. (1999a,b) and Moska-
lik (2000). Although in some of these RR1−ν1-type stars
in our sample a weak third component with symmetric
frequency spacing can be suspected, neither the large ma-
jority of our RR1−ν1 stars, nor the variables reported by
other authors show such components. However, in 28 vari-
ables we observe symmetric frequency spacing, very similar
to the frequency spectra of the fundamental mode (RR0)
Blazhko-type variables (e.g., Kova´cs 1995). Therefore, we
associate these variables with the Blazhko-type stars. At
this moment it is only the LMC in which first overtone
Blazhko stars have been identified.
Compared with the commonly used incidence rate of 20–
30% of the RR0 Blazhko variables (Szeidl 1988), our 2%
frequency among RR1 stars seems to indicate that what-
ever is the underlying cause of the Blazhko phenomenon,
it should work quite differently in RR1 than in RR0 stars.
Although in a milder sense, this difference still survives
even if we consider the recent statistics obtained by Moska-
lik (2000) on the ogle sample of Galactic bulge RR Lyrae
stars. He found 11 Blazhko variables from the 149 RR0
stars but none from the 66 RR1 stars analyzed (however,
he found RR1−ν1-type stars: 11 among the RR0, and
2 among the RR1 stars). According to our tests, if the
lowest level of modulation among RR1 stars were 15%, as-
suming 20% incidence rate for the Blazhko phenomenon,
we should have detected at least 30 more variables of this
type. Although with a 10% modulation level under the
same circumstance this number decreases to about 10, it
is still large enough to conclude that we probably have not
missed any Blazhko RR1 variables above the 10% modu-
lation level. Adding to these that the high frequency of
the Blazhko RR0 stars refers to relatively older data with
marginal probability of the detection of low-amplitude
modulations, and that most of them have 30–50% total
modulation level, we think that the large difference in the
occurrence rates of the two types of Blazhko stars is sig-
nificant.
It follows from this result that magnetic oblique rota-
tor model (Shibahashi 1994; 2000) of the Blazhko phe-
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nomenon must face with the difficulty in explaining why
the role of magnetic field becomes so much less important
as a star pulsating in the fundamental mode and showing
Blazhko phenomenon moves to the RR1 regime. Most of
these stars must either stop being Blazhko-type variables,
or their modulation level must decrease from 30–50% down
to below 10% (in the units of the total pulsation ampli-
tude). In addition, there is also the problem of asymmet-
ric modulation amplitudes. This difficulty becomes ex-
treme for the above theory to explain both Blazhko- and
RR1−ν1-type variables within the same framework. In or-
der to deal with these basic observational facts, the mag-
netic model needs to be more complex than it is now. This,
without the precise measurement of magnetic field, would
lead to introducing more free parameters, and thereby to
decreasing the predictive power of the theory.
The other theory, the model of direct (ω0 ≈ ωl) reso-
nant mode coupling between a radial and nonradial modes
stays within the framework of nonlinear stellar pulsation,
without invoking the presence of magnetic field. Accord-
ing to Van Hoolst, Dziembowski & Kawaler (1998), with
significant probability this resonance is capable of desta-
bilizing the fundamental limit cycle and leading either to
steady phase locked pulsation, or to an amplitude- and
phase-modulated one. In both cases we would see Blazhko
variability but in the steady amplitude and phase solution
observability would depend on the aspect angle of the ob-
server relative to the rotation axis. Concerning the res-
onance theory, it is important to remark that the recent
linear pulsation survey of Dziembowski & Cassisi (1999)
shows that the excitation rates for the resonant l = 1
modes are comparable to those of the radial fundamental
and first overtone modes. Although these results are en-
couraging, many questions remain to be answered, such
as the relation between RR1−ν1- and Blazhko-type stars,
and, of course, the low number of the Blazhko RR1 stars.
We look forward to completing a similar survey of mul-
timode RR Lyrae stars in our six fields in the Small Magel-
lanic Cloud. While we do not anticipate significant differ-
ences in the fractions of the types of multimode RR Lyrae
variables or sample metallicity, such a survey will provide a
test of the degree to which such samples are homogeneous.
In many cases the signal-to-noise of the SMC RR Lyrae
photometry is expected to be better than that of the LMC
photometry because our SMC exposure times were twice
as long and this more than compensates for the greater
distance of the SMC.
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Table 1
Previously not known RR01 variables of the MACHO RR1 sample
MACHO # α δ P1 P1/P0 A1 A0/A1
80.7193.1485 05:24:39.0 -69:20:27 0.328818 0.7419 0.163 0.319
81.8639.1450 05:33:27.0 -69:42:19 0.335257 0.7415 0.091 0.396
10.4043.1392 05:05:43.3 -69:34:13 0.343077 0.7427 0.128 1.078
80.7439.1836 05:26:14.5 -69:03:33 0.343358 0.7429 0.136 1.184
5.4889.1102 05:10:35.6 -69:39:11 0.343666 0.7427 0.108 1.009
14.9220.799 05:37:10.7 -71:21:15 0.343895 0.7433 0.152 0.704
5.5254.1692 05:12:57.8 -69:33:39 0.345360 0.7430 0.112 0.384
5.4524.1212 05:08:13.5 -69:46:46 0.346200 0.7435 0.152 0.322
14.9467.864 05:38:53.0 -71:00:13 0.346562 0.7437 0.116 0.362
80.7073.1658 05:24:00.3 -69:15:00 0.347832 0.7433 0.141 0.823
6.6086.792 05:17:59.1 -70:30:25 0.348080 0.7438 0.128 0.344
82.8410.986 05:32:28.1 -68:52:04 0.348386 0.7432 0.142 0.563
3.7448.428 05:26:20.0 -68:28:54 0.348508 0.7429 0.123 0.382
15.10797.871 05:46:46.9 -71:03:52 0.348567 0.7430 0.134 0.701
3.7447.739 05:25:54.5 -68:29:42 0.349064 0.7437 0.126 0.286
81.8882.1067 05:34:51.2 -69:41:06 0.349122 0.7431 0.101 0.851
6.6214.4637 05:18:57.3 -70:02:04 0.349177 0.7432 0.086 0.930
81.9118.1794 05:36:42.8 -70:05:01 0.350143 0.7432 0.148 0.939
2.4904.1651 05:10:20.5 -68:39:40 0.350355 0.7437 0.126 0.635
9.5487.736 05:13:58.4 -70:09:06 0.350612 0.7436 0.123 0.447
18.2717.812 04:56:51.9 -69:16:01 0.350658 0.7440 0.116 0.586
80.6590.1844 05:21:07.3 -69:11:15 0.351176 0.7437 0.122 0.615
9.4873.519 05:10:50.7 -70:42:24 0.351258 0.7438 0.127 0.843
14.9587.828 05:39:21.7 -71:01:47 0.351263 0.7433 0.134 0.567
15.10071.888 05:42:25.3 -71:02:45 0.352199 0.7439 0.116 0.957
14.9703.450 05:40:11.9 -71:23:48 0.352214 0.7440 0.129 0.271
11.9838.1201 05:40:46.4 -70:26:21 0.352312 0.7442 0.149 0.215
6.5732.3906 05:15:56.2 -69:57:23 0.352354 0.7437 0.097 0.907
15.10071.765 05:42:44.5 -71:04:15 0.352895 0.7442 0.138 0.558
9.4275.536 05:07:13.3 -70:17:38 0.353072 0.7437 0.131 0.832
9.5124.1174 05:11:43.8 -70:08:09 0.353582 0.7439 0.148 0.669
18.2234.1176 04:54:36.2 -69:13:03 0.353711 0.7440 0.152 0.658
82.8169.654 05:30:44.5 -68:47:50 0.353998 0.7442 0.112 0.509
6.6452.704 05:20:00.6 -70:20:44 0.354096 0.7438 0.135 0.800
2.5274.1185 05:12:28.3 -68:09:49 0.355067 0.7438 0.129 0.465
6.5730.3869 05:15:48.4 -70:02:35 0.355162 0.7442 0.103 0.456
6.5853.3986 05:16:26.5 -69:57:38 0.355413 0.7436 0.141 0.248
3.7331.467 05:25:43.5 -68:11:51 0.355927 0.7441 0.137 0.723
19.3581.468 05:02:32.6 -68:08:06 0.356444 0.7440 0.140 0.750
9.5119.644 05:12:09.8 -70:28:05 0.356593 0.7437 0.123 0.626
13.6925.627 05:23:35.0 -71:03:46 0.356680 0.7442 0.125 0.440
3.6725.519 05:22:02.1 -68:16:24 0.356781 0.7441 0.139 0.410
82.8886.1146 05:35:21.4 -69:23:09 0.357001 0.7445 0.142 0.577
80.7202.4678 05:24:29.6 -68:45:33 0.357115 0.7442 0.121 0.430
80.7071.5289 05:23:52.4 -69:25:22 0.357209 0.7441 0.162 0.673
13.6197.522 05:18:58.1 -71:11:27 0.357237 0.7442 0.120 0.242
3.7082.957 05:23:52.3 -68:41:00 0.357462 0.7436 0.113 0.664
9.4514.979 05:08:30.1 -70:27:36 0.357478 0.7446 0.144 0.257
11.8750.1694 05:34:14.2 -70:25:18 0.357774 0.7438 0.139 0.856
3.6963.574 05:23:34.4 -68:30:28 0.358068 0.7447 0.131 0.603
19.4429.703 05:07:45.6 -68:03:35 0.358129 0.7446 0.137 0.350
5.4892.3500 05:10:54.2 -69:28:24 0.358174 0.7444 0.165 0.382
19.4308.880 05:06:45.6 -68:03:25 0.358336 0.7444 0.132 0.409
6.6574.1353 05:20:45.0 -70:14:38 0.358535 0.7444 0.149 0.289
19.3702.545 05:03:24.2 -68:08:53 0.358756 0.7436 0.068 0.603
19.4057.1115 05:05:39.6 -68:40:34 0.358970 0.7443 0.130 0.231
10.4522.4058 05:08:25.8 -69:56:21 0.358983 0.7446 0.129 0.589
6.6089.1661 05:17:44.5 -70:19:27 0.359199 0.7442 0.151 0.662
10.4035.1299 05:05:11.2 -70:08:25 0.359503 0.7440 0.132 0.705
6.6329.884 05:19:16.2 -70:26:40 0.359788 0.7431 0.134 0.269
82.8889.452 05:35:01.6 -69:13:24 0.360186 0.7445 0.073 0.658
6.6212.1063 05:18:32.7 -70:12:21 0.360280 0.7445 0.105 0.514
13.5842.2316 05:16:27.6 -70:38:57 0.360422 0.7451 0.140 0.664
80.7072.2154 05:24:05.6 -69:21:13 0.360853 0.7443 0.165 0.400
11.9595.1162 05:39:39.1 -70:30:27 0.361067 0.7429 0.090 1.056
19.4541.1357 05:08:42.6 -68:40:30 0.361879 0.7436 0.128 0.938
11.8985.882 05:35:44.3 -70:53:11 0.362499 0.7443 0.132 0.765
5.4767.962 05:09:56.7 -69:42:31 0.363025 0.7439 0.139 0.331
13.6927.606 05:23:22.7 -70:57:02 0.363183 0.7450 0.133 0.195
82.7922.520 05:29:13.8 -69:08:28 0.363555 0.7446 0.106 0.736
12.10682.793 05:46:27.1 -70:39:40 0.363690 0.7441 0.110 0.373
2.5389.1138 05:13:38.8 -68:36:13 0.364125 0.7452 0.124 0.444
15.10557.2954 05:45:15.9 -70:54:36 0.364422 0.7444 0.130 0.623
3.7208.477 05:24:24.6 -68:21:09 0.364541 0.7451 0.139 0.504
9.5238.804 05:13:02.4 -70:36:07 0.365550 0.7450 0.150 0.300
47.2619.1486 04:56:32.8 -67:44:22 0.365873 0.7443 0.102 0.912
9.4881.635 05:10:52.4 -70:12:50 0.366304 0.7446 0.104 0.673
12.11172.776 05:49:17.8 -70:16:26 0.366906 0.7451 0.118 0.636
9.5483.1857 05:14:21.3 -70:21:47 0.367222 0.7444 0.160 0.569
10.3798.927 05:04:07.1 -69:47:41 0.367266 0.7443 0.102 1.000
12.10679.968 05:45:56.5 -70:50:38 0.367586 0.7447 0.161 0.565
14.8982.1963 05:36:05.0 -71:01:56 0.367633 0.7448 0.120 0.633
80.6830.2303 05:22:15.9 -69:20:43 0.367640 0.7446 0.125 0.608
18.2601.439 04:56:30.3 -68:54:44 0.367645 0.7444 0.124 0.927
80.7072.1233 05:23:47.3 -69:18:19 0.367710 0.7456 0.126 0.429
82.8163.1039 05:30:30.4 -69:12:46 0.367774 0.7447 0.142 0.655
5.5136.5295 05:11:44.3 -69:21:40 0.367867 0.7442 0.105 0.705
80.7313.4672 05:25:34.2 -69:24:16 0.368165 0.7446 0.147 0.741
12.9962.1419 05:41:49.1 -70:16:24 0.368761 0.7443 0.147 0.571
13.6804.494 05:22:21.3 -71:05:07 0.369552 0.7449 0.126 0.429
10.4042.1202 05:05:24.3 -69:40:04 0.370325 0.7444 0.137 0.584
80.7321.1365 05:25:16.5 -68:52:07 0.370618 0.7442 0.131 0.817
9.5358.566 05:13:39.0 -70:41:20 0.371015 0.7450 0.127 0.661
6.5850.933 05:16:15.4 -70:08:14 0.373065 0.7447 0.102 0.784
5.5247.894 05:12:38.0 -69:57:54 0.373214 0.7447 0.118 0.805
6.6572.919 05:21:16.6 -70:22:03 0.375691 0.7448 0.111 0.514
6.5721.352 05:16:05.9 -70:39:36 0.376642 0.7460 0.116 0.586
2.4789.1029 05:09:57.6 -68:17:04 0.382408 0.7461 0.132 0.326
5.5369.1184 05:13:39.0 -69:54:23 0.383798 0.7457 0.129 0.605
47.2247.648 04:54:06.1 -68:19:46 0.392076 0.7448 0.135 0.607
10.3557.827 05:02:18.2 -69:42:31 0.393324 0.7455 0.123 0.537
11.9231.545 05:37:10.7 -70:37:11 0.393474 0.7461 0.089 0.472
5.5492.1293 05:13:57.2 -69:47:06 0.394394 0.7461 0.142 0.493
10.4041.840 05:05:33.2 -69:45:00 0.398820 0.7461 0.117 0.504
19.4182.345 05:06:27.0 -68:24:43 0.401625 0.7457 0.129 0.364
10.3191.363 05:00:33.5 -69:55:49 0.406071 0.7456 0.110 0.591
11.8867.861 05:35:25.9 -70:41:30 0.413194 0.7465 0.128 0.312
19.4785.5170 05:09:47.1 -68:33:13 0.428630 0.7458 0.112 0.259
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Table 2
RR1−ν1 variables of the MACHO RR1 sample
MACHO # α δ ν0 A0 ν1 − ν0 A1/A0
47.2609.56 04:56:45.1 -68:21:41 2.79858 0.112 −0.01421 0.268
14.9225.776 05:37:19.7 -70:59:08 2.81588 0.174 −0.05414 0.241
6.6326.424 05:19:30.1 -70:39:32 3.02616 0.169 −0.07267 0.195
6.6091.877 05:18:01.8 -70:11:47 3.11905 0.062 −0.03855 0.694
13.5714.442 05:15:29.3 -71:08:09 3.15586 0.067 0.10922 0.716
80.6352.1495 05:19:37.7 -68:56:37 3.24687 0.070 −0.07175 0.671
13.6204.617 05:18:41.2 -70:43:53 3.41120 0.107 −0.05116 0.271
15.10072.918 05:42:11.3 -70:58:22 3.41207 0.195 −0.03687 0.210
10.3552.745 05:02:37.6 -70:03:31 3.42121 0.072 0.03745 0.611
5.5489.1397 05:14:36.8 -69:58:30 3.44866 0.143 −0.04786 0.350
10.4161.1053 05:06:14.6 -69:47:06 3.47877 0.100 0.09394 0.380
15.11036.255 05:48:09.0 -71:17:19 3.48510 0.070 0.07820 0.829
11.9471.780 05:38:33.6 -70:43:58 3.49672 0.160 −0.11346 0.275
9.5242.1032 05:12:43.9 -70:20:02 3.49779 0.126 0.03749 0.563
13.5713.590 05:15:25.7 -71:10:31 3.52566 0.076 0.10042 0.553
82.8289.887 05:31:19.2 -68:50:33 3.53404 0.103 −0.18970 0.311
2.5266.3864 05:12:36.8 -68:43:38 3.57930 0.127 0.06554 0.370
80.7072.2280 05:23:45.4 -69:20:54 3.58891 0.105 −0.04727 0.257
80.7437.1678 05:26:25.3 -69:12:11 3.59531 0.128 −0.08894 0.688
6.5729.958 05:16:01.3 -70:06:44 3.59948 0.117 0.07423 0.761
3.6603.795 05:20:41.0 -68:20:21 3.61654 0.179 −0.01735 0.218
6.5730.4057 05:16:02.0 -70:05:10 3.61898 0.077 0.07758 0.636
14.9702.401 05:40:17.6 -71:26:48 3.63103 0.163 −0.18408 0.196
82.8766.1305 05:34:23.3 -69:20:04 3.85726 0.080 −0.00306 0.550
Note.—
13.6204.617 – ‘b’ data support RR1 status
47.2609.56 – also an RR01 variable with P1/P0 = 0.7443 and A1/A0 = 0.22
6.5729.958 – in ‘b’ there is a third component at P (ν2)/P (ν0) = 0.757
82.8766.1305 – hint for RR1−BL classification in the ‘b’ data
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Table 3
RR1−BL variables of the MACHO RR1 sample
MACHO # α δ f0 A0 ∆f− A−/A0
∆f+ A+/A0
81.8758.1447 05:34:39.1 -69:51:33 2.19180 0.283 −0.02987 0.117
0.02991 0.170
6.7054.713 05:24:03.1 -70:33:38 2.27063 0.152 −0.00166 0.224
0.00163 0.132
2.5271.255 05:13:05.0 -68:22:49 2.30017 0.113 −0.00129 0.345
0.00121 0.469
80.6957.409 05:23:27.6 -68:55:38 2.45168 0.104 −0.00084 0.183
0.00079 0.298
3.6240.450 05:19:03.1 -68:20:21 2.60663 0.155 −0.00099 0.258
0.00104 0.271
81.8639.1749 05:33:52.6 -69:43:21 2.66022 0.135 −0.04469 0.200
0.04482 0.252
19.4188.1264 05:06:01.5 -68:00:45 2.70082 0.127 −0.00096 0.402
0.00105 0.591
80.6953.1751 05:23:31.4 -69:11:07 2.84322 0.182 −0.02811 0.280
0.02808 0.341
15.10311.782 05:44:00.5 -71:10:42 2.87117 0.146 −0.00106 0.240
0.00118 0.226
5.5368.1201 05:13:44.2 -70:00:45 2.97166 0.197 −0.00558 0.264
0.00552 0.137
80.6595.1599 05:21:08.3 -68:51:17 3.00869 0.128 −0.03684 0.484
0.03683 0.250
18.2361.870 04:54:43.2 -68:48:06 3.07240 0.137 −0.02973 0.263
0.02974 0.358
82.8526.1176 05:32:47.6 -69:11:52 3.08750 0.066 −0.12705 0.288
0.12704 0.227
9.5479.852 05:14:08.3 -70:39:32 3.10820 0.154 −0.00069 0.532
0.00078 0.675
14.9223.737 05:37:36.3 -71:06:35 3.22706 0.148 −0.03161 0.439
0.03159 0.486
82.8765.1250 05:34:02.0 -69:21:56 3.27951 0.159 −0.04898 0.252
0.04900 0.264
82.8049.746 05:29:34.8 -68:45:34 3.34744 0.162 −0.07194 0.278
0.07191 0.247
15.10068.239 05:42:11.3 -71:14:50 3.35914 0.124 −0.03338 0.274
0.03351 0.177
82.8408.1002 05:32:00.7 -68:58:50 3.37504 0.163 −0.03544 0.221
0.03542 0.325
2.5148.1207 05:12:23.9 -68:29:43 3.39346 0.121 −0.03528 0.289
0.03526 0.273
15.10313.606 05:43:45.0 -71:04:54 3.41874 0.128 −0.06431 0.422
0.06438 0.477
13.6810.2992 05:22:45.6 -70:39:11 3.44356 0.125 −0.04147 0.664
0.04159 0.456
6.5971.1233 05:16:59.0 -70:08:14 3.47563 0.120 −0.07350 0.350
0.07351 0.175
19.4188.195 05:06:26.3 -67:58:57 3.53583 0.123 −0.01215 0.358
0.01210 0.431
80.7441.933 05:26:06.4 -68:56:02 3.65881 0.130 −0.04795 0.246
0.04800 0.338
11.9355.1380 05:38:21.3 -70:23:22 3.70248 0.039 −0.00465 2.308
0.00466 1.333
5.4401.1018 05:07:33.5 -69:55:12 3.72395 0.076 −0.00480 0.816
0.00470 0.579
9.5125.1018 05:11:47.0 -70:05:37 3.84901 0.108 −0.00520 0.500
0.00519 0.204
Note.—
5.5368.1201 – ‘b’ data are used
9.5479.852 – ‘b’ data are used
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Table 4
RR1−PC variables of the MACHO RR1 sample
MACHO # α δ P1 MACHO # α δ P1
2.5389.1478 05:13:40.9 -68:37:18 0.250558 3.6362.689 05:19:32.1 -68:16:48 0.357375
3.7450.214 05:26:25.7 -68:19:52 0.281339 18.2597.765 04:56:08.5 -69:12:11 0.357969
6.6094.5406 05:18:07.1 -70:00:05 0.285164 80.6838.2884 05:22:18.3 -68:46:38 0.358339
6.6810.616 05:22:16.7 -70:39:50 0.288385 80.7072.1545 05:23:45.0 -69:20:51 0.358344
14.8497.534 05:32:39.9 -71:07:44 0.289300 9.4873.497 05:10:45.8 -70:44:40 0.358621
13.6326.1733 05:19:49.9 -70:38:49 0.290353 6.5848.1122 05:16:14.7 -70:17:33 0.359143
13.6077.638 05:18:11.5 -71:08:05 0.290690 14.9590.3902 05:39:26.8 -70:50:32 0.360039
9.4394.386 05:07:58.5 -70:21:54 0.290778 5.4766.918 05:10:02.5 -69:46:33 0.361072
10.3557.1024 05:02:42.7 -69:43:47 0.294767 2.5872.1272 05:16:21.1 -68:37:57 0.362671
10.3556.986 05:02:04.4 -69:48:28 0.296149 9.5363.899 05:13:34.6 -70:21:08 0.364048
81.8879.1869 05:34:52.9 -69:51:52 0.297565 12.10801.843 05:47:04.2 -70:49:30 0.365089
80.7319.1287 05:25:31.4 -69:01:20 0.297860 13.6198.531 05:18:47.6 -71:05:58 0.366172
9.5599.762 05:15:17.5 -70:44:55 0.299416 9.4994.491 05:11:22.0 -70:44:24 0.366418
9.4760.861 05:09:36.4 -70:13:23 0.299667 11.9113.1731 05:36:38.0 -70:23:21 0.366441
12.10808.830 05:47:01.6 -70:18:09 0.300015 15.10914.663 05:47:22.6 -71:20:57 0.367050
9.4761.1258 05:09:58.6 -70:08:13 0.300939 10.4040.917 05:05:14.1 -69:47:53 0.367383
11.9116.1382 05:36:19.9 -70:13:36 0.302487 3.6598.939 05:21:03.0 -68:38:22 0.367820
80.7436.1463 05:26:04.6 -69:16:12 0.302509 3.6723.769 05:21:22.8 -68:23:46 0.369235
9.4392.833 05:07:35.7 -70:30:51 0.303440 82.8283.1040 05:31:19.5 -69:17:37 0.370077
18.3086.1308 04:59:08.1 -68:53:28 0.304942 13.5844.3963 05:16:10.1 -70:32:08 0.370272
15.10795.916 05:47:00.0 -71:11:37 0.307457 6.6212.1142 05:19:04.2 -70:11:59 0.373232
5.4767.1388 05:09:50.0 -69:44:26 0.307806 82.8406.1180 05:31:50.3 -69:08:37 0.373883
80.6597.4435 05:20:39.1 -68:45:14 0.308645 82.8288.869 05:31:02.9 -68:55:13 0.374056
10.3797.865 05:03:46.3 -69:53:20 0.308792 5.4524.972 05:08:42.3 -69:45:56 0.374232
80.7195.1166 05:25:01.1 -69:11:08 0.310755 13.6080.541 05:18:10.1 -70:57:30 0.374479
80.6951.2395 05:23:23.6 -69:18:38 0.311420 15.10069.680 05:42:26.9 -71:13:33 0.374508
19.4669.2905 05:09:21.0 -68:10:27 0.311959 2.4908.826 05:10:57.3 -68:22:22 0.376579
2.5630.1156 05:15:02.5 -68:39:15 0.312314 5.5008.1902 05:11:22.8 -69:48:30 0.377428
2.5151.924 05:12:06.2 -68:18:42 0.314624 19.4429.678 05:07:36.8 -68:02:37 0.377518
2.5514.660 05:14:27.9 -68:18:54 0.315373 5.4769.1363 05:10:01.1 -69:34:38 0.378528
3.7444.782 05:26:23.2 -68:44:13 0.317451 11.9355.1235 05:38:25.6 -70:23:42 0.379060
81.9004.1177 05:35:57.0 -69:33:52 0.318030 12.11042.810 05:48:12.8 -70:51:37 0.379823
9.4875.697 05:10:45.0 -70:35:11 0.320646 3.7205.727 05:24:30.4 -68:31:31 0.381238
2.5148.713 05:11:42.8 -68:32:12 0.321252 6.6813.699 05:22:13.9 -70:28:34 0.382572
5.4891.1617 05:10:26.3 -69:33:27 0.321780 6.5724.620 05:15:58.0 -70:28:48 0.382936
13.5721.2180 05:16:02.7 -70:39:39 0.322156 81.9123.806 05:36:40.7 -69:43:09 0.385314
11.9594.880 05:39:42.8 -70:37:17 0.322277 12.10924.961 05:47:58.7 -70:38:07 0.386863
6.6933.1043 05:23:22.3 -70:32:35 0.322842 2.5388.1150 05:13:35.5 -68:39:42 0.388582
3.7088.623 05:24:15.8 -68:16:34 0.324418 81.9723.894 05:40:15.9 -70:02:56 0.388602
82.8282.1019 05:31:08.0 -69:18:29 0.327110 5.5489.1125 05:14:33.3 -70:01:07 0.389857
80.7436.1633 05:26:10.9 -69:14:48 0.330471 80.6350.3508 05:19:37.6 -69:05:23 0.390063
9.5600.566 05:15:04.5 -70:41:39 0.331331 2.5876.444 05:16:27.5 -68:25:14 0.396680
5.4766.1109 05:09:48.8 -69:48:47 0.332465 6.6697.1361 05:21:35.2 -70:09:35 0.397333
6.6452.2394 05:20:25.3 -70:17:55 0.334832 9.4634.863 05:08:45.1 -70:33:10 0.398111
3.6240.470 05:19:06.4 -68:20:54 0.334995 9.4879.502 05:10:49.5 -70:18:28 0.398205
6.6455.1326 05:20:23.8 -70:09:14 0.335632 9.5364.886 05:13:45.4 -70:16:26 0.398766
6.6094.5331 05:18:17.8 -70:00:14 0.335685 13.6080.628 05:18:18.5 -70:55:58 0.400474
2.4787.770 05:10:11.9 -68:22:56 0.335706 6.5971.1194 05:17:36.9 -70:08:26 0.400978
81.9723.796 05:40:19.4 -70:05:40 0.336952 6.6451.919 05:20:22.7 -70:24:56 0.402077
19.3823.546 05:03:43.2 -68:06:29 0.337930 13.6441.529 05:20:19.2 -71:05:14 0.402531
13.6568.3005 05:20:42.8 -70:38:46 0.338099 11.9349.558 05:37:49.0 -70:47:36 0.402859
80.6950.6414 05:23:35.5 -69:21:54 0.338445 13.6080.594 05:18:18.0 -70:56:08 0.404710
6.6094.5606 05:18:13.2 -69:58:41 0.339385 81.8875.2038 05:34:57.0 -70:05:56 0.405794
15.10433.787 05:44:52.1 -71:06:48 0.339489 80.7192.3592 05:25:02.3 -69:24:50 0.405959
80.7440.1192 05:26:28.6 -68:59:17 0.343025 80.6953.1590 05:23:23.6 -69:10:17 0.406129
14.9346.412 05:38:13.8 -70:58:07 0.343495 82.8041.1029 05:30:00.7 -69:16:53 0.406715
13.6441.527 05:20:08.9 -71:05:36 0.343520 19.3823.473 05:03:42.4 -68:07:30 0.408980
80.6468.2765 05:20:30.5 -69:13:45 0.349369 81.8518.1621 05:33:02.2 -69:42:37 0.410623
6.5729.1008 05:15:47.5 -70:06:08 0.350106 9.4390.560 05:07:17.6 -70:38:15 0.411036
80.6835.1220 05:22:30.0 -68:57:42 0.350229 9.5360.903 05:13:29.3 -70:31:35 0.413897
10.4165.348 05:06:01.3 -69:32:29 0.350558 11.8744.658 05:34:10.4 -70:48:10 0.415590
19.4784.5754 05:09:51.5 -68:34:28 0.351798 14.8744.3716 05:34:10.6 -70:48:13 0.415694
2.5870.4598 05:16:38.9 -68:49:28 0.352372 11.9235.1034 05:37:13.5 -70:18:43 0.417598
15.10308.620 05:43:55.6 -71:23:39 0.353552 2.5273.1267 05:12:28.9 -68:16:07 0.420892
81.9724.295 05:40:22.2 -69:59:22 0.353864 13.6076.306 05:18:15.4 -71:13:35 0.427092
11.9471.1050 05:38:43.5 -70:42:47 0.354204 3.6236.690 05:18:36.8 -68:36:38 0.435675
3.6360.656 05:19:11.9 -68:23:37 0.354548 13.6926.490 05:22:56.2 -71:00:12 0.438382
6.6812.923 05:22:26.5 -70:30:19 0.354785 2.5271.1540 05:12:27.7 -68:25:31 0.439438
5.5250.1501 05:13:09.0 -69:46:38 0.355176 82.8890.449 05:34:44.2 -69:08:29 0.440049
2.4663.944 05:09:04.9 -68:34:50 0.355264 11.8867.970 05:35:14.5 -70:39:11 0.446641
6.6692.937 05:21:29.1 -70:29:23 0.356880
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Table 5
Miscellaneous variables of the MACHO RR1 sample
MACHO # α δ P1 Type
9.4278.179 05:07:03.5 -70:04:06 0.326816 RR12
12.10443.367 05:44:36.9 -70:28:50 0.336559 RR12
12.10202.285 05:43:04.3 -70:22:47 0.398114 RR12
15.9947.338 05:41:43.0 -71:14:05 0.288221 RR1−ν2
11.8987.787 05:36:05.9 -70:44:43 0.304127 RR1−ν2
2.5023.5787 05:11:27.9 -68:47:50 0.324536 RR1−ν2
14.8376.548 05:32:15.3 -71:08:10 0.291571 RR1−νM
11.8751.1740 05:34:39.9 -70:20:55 0.357751 RR1−νM
19.4671.684 05:09:14.5 -68:05:30 0.378744 RR1−νM
5.5128.1262 05:11:43.2 -69:50:57 0.427975 RR1−νM
6.6697.1565 05:21:49.6 -70:06:58 0.433493 RR1−νM
12.11043.1000 05:48:19.1 -70:46:08 0.264320 RR1−NC
9.5123.633 05:11:45.6 -70:12:17 0.267730 RR1−NC
82.8525.1980 05:32:52.3 -69:13:51 0.283398 RR1−NC
9.5239.1141 05:12:44.3 -70:31:21 0.363336 RR1−NC
13.6802.544 05:22:43.5 -71:10:48 0.378060 RR1−NC
10.4403.4871 05:07:21.4 -69:46:46 0.457304 RR1−NC
6.6093.5030 05:18:05.1 -70:03:56 0.265360 RR1−D1
3.6243.404 05:18:42.4 -68:06:50 0.270851 RR1−D1
80.6353.1458 05:19:36.8 -68:49:41 0.275324 RR1−D1
9.5599.617 05:14:52.0 -70:45:24 0.278206 RR1−D1
80.6708.6771 05:21:27.0 -69:23:22 0.286094 RR1−D1
6.6815.747 05:22:31.1 -70:21:39 0.292024 RR1−D1
9.5004.750 05:11:36.8 -70:04:57 0.304161 RR1−D1
81.8521.1454 05:33:13.2 -69:31:35 0.309440 RR1−D1
3.6961.824 05:22:55.7 -68:39:54 0.309894 RR1−D1
9.5122.363 05:11:47.5 -70:16:17 0.322232 RR1−D1
6.6931.649 05:23:01.5 -70:39:45 0.322806 RR1−D1
12.10920.615 05:47:43.4 -70:54:12 0.323981 RR1−D1
5.4649.1029 05:09:08.2 -69:30:52 0.325266 RR1−D1
13.6806.664 05:22:17.6 -70:54:28 0.330759 RR1−D1
80.6709.2322 05:21:37.9 -69:21:26 0.332538 RR1−D1
9.5360.768 05:13:34.5 -70:29:57 0.337518 RR1−D1
14.8854.199 05:34:55.9 -71:29:44 0.339066 RR1−D1
81.8519.1395 05:32:48.6 -69:41:06 0.339398 RR1−D1
12.11283.284 05:49:38.5 -70:55:33 0.340384 RR1−D1
6.6699.5598 05:21:34.6 -70:01:18 0.352686 RR1−D1
Table 6
RR12 and RR1−ν2 variables of the MACHO RR1 sample
MACHO # ν0 ν1 ν2 ν0/ν1 A1/A0 A2/A0 Type
12.10202.285 2.511844 3.118910 — 0.8054 0.260 — RR12
12.10443.367 2.971251 3.701164 — 0.8028 0.294 — RR12
9.4278.179 3.059812 3.801934 — 0.8048 0.296 — RR12
2.5023.5787 3.081326 3.068358 3.073338 1.0042 1.000 0.926 RR1−ν2
11.8987.787 3.288101 3.238294 3.129587 1.0154 0.638 0.345 RR1−ν2
15.9947.338 3.469549 3.421443 3.434602 1.0141 0.559 0.419 RR1−ν2
